In mammals, social and sexual interactions are largely mediated by semiochemicals, traditionally known as pheromones, perceived by the vomeronasal system. The vomeronasal organ (VNO) sits at the base of the nasal septum and contains two populations of sensory neurons, segregated in apical and basal territories, that send axons to glomeruli of the rostral and caudal portion of the accessory olfactory bulb (AOB),respectively (HalpernandMartínez-Marcos, 2003) . Apical neurons express V1 receptors, which associate with the ␣ i2 subunit of G-protein (G␣ i2 ), whereas basal neurons express V2 receptors that associate with G␣ o protein. The sensory profiles of the two populations differ in the size and the ethological specificity of their ligands. V1r-expressing neurons are largely sensitive to small lipophilic molecules, whereas V2r-expressing neurons respond primarily to peptides (Leinders-Zufall et al., 2000 . Also, while individual V1r-neurons respond to scents from multiple, even contrasting, ethological contexts, such as conspecific, predatory, and nonpredatory semiochemicals, V2r-expressing neurons are mostly activated by compounds from a single ethological category, such as scents from a predator or a male or a female conspecific (Isogai et al., 2011) .
Similar to main olfactory neurons, newborn vomeronasal neurons are constantly incorporated into functional circuits throughout ontogeny. However, the subcellular mechanisms guiding differentiation and incorporation of newborn neurons are incompletely understood.
Previous evidence has suggested a role of axon guidance molecules in the segregation of vomeronasal axons into their final position in the AOB (Knöll et al., 2001 (Knöll et al., , 2003 Walz et al., 2002; Prince et al., 2009 ), but until recently, no study had proposed molecular candidates for the regulation of maturation and fate choice of newly generated vomeronasal neurons. In a recent article published in The Journal of Neuroscience, however, Enomoto et al. (2011) showed that Bcl11b/Ctip2, a zinc finger transcription factor involved in regulating corticofugal fate of deep-layered neocortical neurons , is crucial for maturation and fate determination of vomeronasal neurons, for establishing axonal projections to the AOB, and for correct layering of intrinsic AOB neurons.
By analyzing gene expression at different developmental stages, Enomoto et al. (2011) identify a sequence of events that occur during vomeronasal neuron maturation. They found that during embryogenesis, Bcl11b/Ctip2 is expressed in most terminal differentiating/immature vomeronasal neurons, whereas in adults, its expression becomes restricted to the neurogenic niches of the marginal regions of the VNO. In the AOB, however, Bcl11b/Ctip2 is expressed in mature projecting neurons and interneurons, even during adulthood.
To further investigate the role of Bcl11b/ Ctip2 during vomeronasal neuron development, Enomoto et al. (2011) knocked out Bcl11b/Ctip2 and compared the expression of several markers of neuronal developmental stages in mutant and wild-type animals. In Bcl11b/Ctip2 Ϫ/Ϫ mice, cell proliferation proceeded normally but differentiation was arrested in postmitotic neurons (Enomoto et al., 2011, their Fig. 5 ). Expression of Bcl11b/Ctip2 in wild-type mice was colocalized with markers of neuronal precursors (Ngn1 and NeuroD) and a marker of postmitotic immature neurons (SCG10), but not with a marker of early progenitors (Mash1).
Although Bcl11b/Ctip2 Ϫ/Ϫ mice died soon after birth, their phenotypic development could be followed up to postnatal day 0 (P0). Until then, vomeronasal neurons showed no difference in cell number or organization between wild-type and knock-out mice. In contrast, the AOB showed a drastic reduction in vomeronasal projections and an aberrant cellular stratification. This suggests that Bcl11b/ Ctip2 regulates not only the maturation of vomeronasal neurons and their axonal pathfinding but also the formation of intrinsic AOB circuitry. Furthermore, Bcl11b/Ctip2 Ϫ/Ϫ mice showed selective death of immature but not mature neurons, raising the question of whether cell death is prevented in neurons whose axons have reached their final target at the AOB.
Given the regulatory nature of Bcl11b/ Ctip2 as a transcription factor, Enomoto et al. (2011) used DNA microarrays to identify genes whose expression was affected in Bcl11b/Ctip2 Ϫ/Ϫ mice. Of several genes that showed altered expression levels in knock-out mice, two were of particular interest because they are exclusively expressed at either apical or basal subpopulations: Meis2 labeled apical vomeronasal neurons and was upregulated in Bcl11b/Ctip2 Ϫ/Ϫ mice, and Tcfap2e was expressed in basal neurons and was downregulated in Bcl11b/Ctip2 Ϫ/Ϫ mice (Fig.  1 A) . The differential regulation of these genes suggested a role for Bcl11b/Ctip2 in fate differentiation of newborn neurons into one of the two vomeronasal pathways.
In developing wild-type mice, both apical and basal populations of early neurons express G␣ o protein, but only apical neurons coexpress G␣ i2 with G␣ o . During postnatal development, all G␣ i2 -expressing neurons cease to coexpress G␣ o ; by adulthood, all mature neurons express only one of the two G-proteins. In developing Bcl11b/ Ctip2 Ϫ/Ϫ mice, however, the number of neurons that coexpressed both G-proteins was significantly higher and the number of neurons that only expressed G␣ o was significantly lower than in wild-types (Enomoto et al., 2011, their Fig. 9 ). Interestingly, neurons that coexpressed G␣ i2 and G␣ o were not restricted to the apical region but were distributed throughout apical and basal areas. Enomoto et al. (2011) therefore proposed that Bcl11b/Ctip2 regulates the phenotypic development of vomeronasal neurons by serving as a switch between V1r-G␣ i2 and V2r-G␣ o fates (Enomoto et al., 2011, their Fig. 10 ).
What other molecules might be involved in this regulatory process? Evidence from neocortical development suggests that Bcl11b/Ctip2 plays an important role in the regulation of corticothalamic and corticospinal neuronal fates by responding differently to activators, such as Fezf2, and inhibitors, such as Tbr1 and Satb2 . Indeed, Fezf2 has been recently described as an important component in specifying vomeronasal versus main olfactory fate, being selectively expressed in vomeronasal precursor cells as early as E10.5 (Eckler et al., 2011) . Enomoto et al. (2011) show that Bcl11b/Ctip2 is under control of Mash1, an early marker of neuronal progenitors, by showing it is not expressed in Mash Ϫ/Ϫ KO mice. Interestingly, Kim et al. (2011) reported that Mash1 is not only expressed in transit-amplifying cell populations but also in long-term neurogenic niches such as the dentate gyrus of the hippocampus and the subventricular zone (Kim et al., 2011) . One candidate molecule that might regulate Mash1 in the vomeronasal system is Sox2 (Gokoffski et al., 2010) , which is expressed in stem cells of the main olfactory epithelium and is thought to participate in fate determination of olfactory neurons by activation of Mash1 followed by Ngn1. Also, the Sonic Hedgehog signaling pathway might participate in the regulation of vomeronasal neurogenesis, as in vitro assays show direct binding of Gli2 protein to regions of the Mash1 gene to upregulate expression levels of Ngn1 and NeuroD (Voronova et al., 2011) (Fig. 1B) .
In conclusion, the experiments by Enomoto et al. (2011) presented Bcl11b/ Ctip2 as a novel element of a system involved in the maturation and fate determination of vomeronasal neurons. They showed the sequential expression of genes that may be used in future studies as markers of developmental stages and they discovered two novel genes with selective expression in apical or basal territories as additional markers of the dichotomous vomeronasal pathways. Future experiments involving temporal-and cell-specific genetic manipulations will be of enormous help to better understand the maturation, fate choice, and circuit integration of newly generated vomeronasal neurons.
